DEVICE FOR ASPIRATING AND DISPENSING LIQUID SAMPLES 



This application claims priority under 35 U.S.C. §119 to Swiss patent 
application No. 2000 2252/00, filed November 17, 2000 and Swiss pat- 
5 ent application no. 2000 2314/00, filed November 29, 2000. 

FIELD OF THE INVENTION 

The invention concerns devices for aspirating and dispensing liquid 
10 samples, as well as systems that include multiple devices of this type. 

BACKGROUND OF THE INVENTION 

15 It is known that droplets with a volume of more than 10 pi can be dis- 
pensed from the air very easily, since if the pipette is correctly manipu- 
lated, the droplets leave the pipette tip of their own accord. The drop- 
let size is then determined by the physical properties of the sample liq- 
uid, such as surface tension or viscosity. The droplet size thus limits 

20 the resolution of the quantity of liquid to be dispensed. 

The aspirating and dispensing, i.e. the pipetting of liquid samples with a 
volume of less than 10 ul, in contrast, typically requires instruments 
and techniques which guarantee the dispensing of such small samples. 

25 The dispensing of a liquid with a pipette tip, i.e. with the endpiece of a 
device for aspirating and/or dispensing sample liquid, can occur from 
the air ("from air") or by touching a surface. This surface can be the 
solid surface of a container ("on tip touch"), into which the liquid sam- 
ple is to be dispensed. It can also be the surface of a liquid in this con- 

30 tainer ("on liquid surface"). A mixing procedure following the dispens- 
ing is recommended, particularly for very small sample volumes in the 
nanoliter or even picoliter range, so that uniform distribution of the 
sample volume in a diluent is ensured. 
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Disposable tips significantly reduce the clanger of unintentional transfer 
of parts of the sample (contamination). Simple disposable tips are 
known (so-called "air-displacement tips"), whose geometry and mate- 
rial is optimized for the exact aspirating and dispensing of very small 
5 volumes. The use of so-called "positive-displacement tips", which have 
a pump plunger inside, is also known. 

For automation of the pipetting process, two procedures must be differ- 
entiated from one another: the defined aspiration and the subsequent 

10 dispensing of liquid samples. Between these procedures, typically the 
pipette tip is moved by the experimenter or by a robot, so that the as- 
piration location of a liquid sample is different from its dispensing loca- 
tion. For precision of aspiration and dispensing, only the liquid system 
is essential, which includes a pump (e.g. a diluter implemented as a 

15 syringe pump), tubing, and an endpiece (pipette tip). Among the many 
possible pumps for highly precise aspirating and dispensing of liquids, 
commercially available devices with the name "CAVRO XL 3000 Modular 
Digital Pump" or "CAVRO XP3000 plus Modular Digital Pump", sold by 
the firm Cavro Scientific Instruments Inc., Sunnyvale, California, USA, 

20 are available and perform suitably. Such pumps typically include a cyl- 
inder with a piston movable therein and a stepping motor for driving the 
piston. The stepping motor operates at a voltage of 24 V and is con- 
trolled by an external computer or microprocessor. Further details can, 
for example, be found in the "Operators Manual P/N 724043C" from 

25 Cavro Scientific Instruments Inc. 

A device and a corresponding method for dispensing volumes are 
known from U.S. 5,763,278. This reference discloses automatic pipet- 
ting of small volumes, having a device including a pipetting needle, a 
30 diluter with a liquid outlet having a syringe, and a valve. The syringe 
includes a piston and a piston drive. A line connects the needle and the 
liquid outlet of the diluter, with the diluter and the line containing an 
essentially incompressible liquid. A pulse generator is located in the 
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device and connected with the incompressible liquid in the line so that 
mechanical pulses with a force of at least 0.01 Ns can be output directly 
into the liquid of the line. A pulse of this type serves for driving the liq- 
uid out of the needle. The droplet size is defined by a targeted advance 
5 of the diluter piston and the droplet is ejected from the needle with a 
pulse. By defining the volume with the diluter, the droplet size and the 
reproducibility thereof depends on and is limited by the resolution of the 
diluter. 

10 A pipetting device of this type that includes a piston pump and a pulse 
generator in the form of a piezoelectric element is disclosed in Japanese 
patent application JP 09 327628. The piezoelectric element is also the 
front plate of the piston and is used for terminating the dispensing pro- 
cedure. The piston effects the majority of the liquid dispensing by its 

15 downward movement and is blocked during the actuation of the piezo- 
electric plate. The movement direction of the piezoelectric plate corre- 
sponds in this case to that of the piston. At least a part of the volume 
dispensed thus always depends on the movement of the piston, so that 
the reproducibility of the piston movement limits the resolution of the 

20 pipetting device. 

SUMMARY OF THE INVENTION 

25 An object of the present invention is to provide devices for aspirating 
and dispensing liquid samples as low as the picoliter volumetric range, 
in which the size of the droplets dispensed and the reproducibility 
thereof does not depend on the resolution of the diluter. 



30 

BRIEF DESCRIPTION OF THE DRAWINGS 
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The invention is illustrated by the drawings as disclosed herein. The 
invention will now be described in more detail with reference to sche- 
matic drawings, which illustrate preferred exemplary embodiments and 
are not to restrict the extent of the invention. As depicted herein, cor- 
5 responding components have the same reference numbers in the fig- 
ures. 



Fig. 1 shows a vertical section through a simple device for aspi- 

10 rating and dispensing liquid samples; 

Fig. 2 shows a vertical section through a system for aspirating 

and dispensing liquid samples with an array of pumps and 
endpieces and/or tips arranged parallel to one another; 

15 

Fig. 3 shows an enlarged detail from Fig. 2, corresponding to the 

field indicated there; 

Fig. 4 shows a horizontal projection of a layout of the piston 

20 drive according to a first embodiment; 

Fig. 5 shows a horizontal projection of a layout of the piston 

drive according to a second embodiment. 



25 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 shows a device 1 for aspirating and dispensing liquid samples 
having a pump 2. This pump comprises a cylindrical chamber 3, which 
30 in turn comprises a piston 4 movable in this cylinder and a piston drive 
5 that engages the piston. In addition, the device 1 comprises a pulse 
generator 6, which generates pressure waves in the liquid as it is actu- 
ated to effect dispensing of samples from a liquid. An endpiece or a tip 
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8 is connected with the cylindrical chamber 3 via a line 7. This tip 8 is 
shown in the Figure as a steel needle that attaches directly to the body 
or on the cylinder block 3' of the pump 2. The tip 8 in embodiments as 
a steel needle preferably adjoins the cylindrical chamber 3 of the pump 
5 2 without a transition, so that the steel pipette tip represents a continu- 
ous narrowing of the pump cylindrical chamber 3. This design prevents 
the occurrence of undesired eddies and allows the unimpeded expan- 
sion of the pressure waves triggered by the pulse generator 6 in the 
liquid to be pipetted. 

10 

The piston drive 5 comprises a first drive 9 and a second drive 10 im- 
plemented as a pulse generator 6. This first drive 9 is preferably im- 
plemented as a rotary spindle drive and comprises a spindle 11 and a 
first plate 12 movable with this spindle. The second drive 10 comprises 
15 a second piate 13 which is connected via a pulse generator 6 with the 
first plate 12 and which engages on the piston 4. 

The space defined by cylindrical chamber 3 and piston 4, line 7, and tip 
8 is preferably filled with a coherent liquid column, so that the volume 

20 of a liquid sample dispensed is defined, for a given tip geometry, solely 
by the parameters of a single pulse generated by the pulse generator 6. 
The cylindrical chamber 3 preferably contains 5 to 200 pi and the pulse 
generator 6 is embodied in this instance as a preloaded stack of piezo- 
electric elements 14. Additional results show that pipetting can also be 

25 done with an air bubble and/or an "air gap" in the line 7. 

Notwithstanding the illustration in Fig. 1, the tip 8 for pipetting liquids 
can be embodied as a needle made of materials other than steel, or as 
a disposable plastic tip. Generally, the transition from the cylindrical 
30 chamber 3 to the tip 8 is then preferably produced with a so-called tip 
adapter 8'. Such a tip adapter is preferably produced from stainless- 
steel and is molded and outfitted in such a way that a secure and tight 
seat for a needle or disposable tip, produced, for example, from plastic, 
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is ensured. The use of an O-ring between tip adapter 8' and tip 8 can 
favorably reinforce this seat and the required impermeability. 

The specific arrangement of pump 2, piston drive 5, pulse generator 6, 
5 and tip 8 allows an extremely slender construction of the device 1, so 
that it is especially suitable for forming a component in a system for 
aspirating and dispensing liquid samples which comprise multiple de- 
vices 1 of this type. Such a system is, for example, a pipettor or (in the 
case of a system for dispensing samples) a dispenser. Such a system is 

10 preferably used for dispensing liquid into the wells of standard mi- 
croplates with, for example, 96 wells (dispensing) or for aspirating liq- 
uids from one microplate and dispensing the samples in another mi- 
croplate (pipetting). The reduction of the sample volumes (e.g. for fill- 
ing high-density microplates having 384, 864, 1536, or even more 

15 wells) plays an increasingly important role, with the precision of the 
sample volume dispensed being assigned great importance. The time 
used for the dispensing and/or transferring of samples in this many 
wells is also significant. It is clear that multiple pipette tips that can be 
operated in parallel reduce the time used for the effective sample dis- 

20 pensing and/or for transferring by the same factor. 

In principle, the invention thus provides a system having n devices, or 
at least such a system having n pumps 2, n lines 7, and n tips 8, having 
a first drive 9 and a second drive 10 and having m pulse generators 

25 which only needs 1/n of the dispensing time of a single device equipped 
with one of each of these components. The time factor thus plays a 
significant role during the filling of high-density microplates. These 
considerations are particularly significant if n is a multiple of 4 — par- 
ticularly 8, 96, or 384 — and m is a whole number — particularly 1, 2, 

30 or 3. 

Because the arrangement of the wells in the microplates corresponds to 
a two-dimensional array, the components of a system such as pump 2, 
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piston drive 5, pulse generator 6, and tip 8 are preferably arranged in 
the same way. In order to achieve compact construction, the pumps 2 
and tips 8 are arranged parallel to one another at the same time. An 
example of such an arrangement is shown in Fig. 2. 

5 

The need for rapid pipettors in the life science fields has driven the de- 
velopment of multichannel pipettors. In prior art devices, both the 
number of the channels and/or the tips and the ranges of the sample 
volumes to be pipetted vary. Approximately 1 pi can be assumed as 
10 the practical volume limit for free dispensing from the air in this case. 

Multichannel systems in which 4, 8, or 12 pipetting channels are dis- 
tributed on one line have been known for some time. The tips are ei- 
ther arranged in a fixed raster (e.g. the MiniPrep device series from the 

15 firm CAVRO Scientific Instruments Inc., Sunnyvale, California, USA) or 
they can be spread out along one line (e.g. the GENESIS device series 
from TECAN Schweiz AG, Seestrasse 103, CH-8708 Mannedorf). The 
pipetting channels are either operated jointly via a stepping motor with 
one or more syringes or individually operated via the same number of 

20 diluters as syringes. 

Multichannel systems for volumes in the sub-microliter range are known 
in the form of fixed two-dimensional combs (e.g. the PixSys4500 from 
Cartesian Technologies, Inc., 17851 Sky Park Circle^ Irvine, CA 92614, 
25 USA) or from EP 0 956 449. These two-dimensional combs of pipettes, 
however, are typically no longer sufficient for the current demands for 
sample throughput. 

Multichannel pipettors arranged in three dimensions are also known. 
30 They can be implemented as 96 tip devices with 96 individual hoses and 
96 individual syringes, which are each driven in groups of 8 by a joint 
stepping motor (e.g. the MICROLAB MPH-96 Workstation from Hamilton 
Bonaduz AG, P.O. Box 26, 7402 Bonaduz, Switzerland). This system is 
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very costly due to the large number of syringes and motors. In addi- 
tion, it is difficult to remove interfering air bubbles from all of the hoses. 

Arrays with up to 384 individual glass syringes with cannulas have also 
5 been arranged in the raster of a 384 microplate. The plungers of the 
syringes are moved simultaneously by one single stepping motor (e.g. 
the Hydra from Robbins Scientific, 1250 Elko Drive, Sunnyvale, CA 
94089-2213, USA). The method is costly due to the many syringes. It 
cannot be expanded for disposable tips. 

10 

In place of diluters, syringes, and pistons, metai bellows have also been 
used (see U.S. Patent No. 5,638,986, incorporated by reference). Due 
to the smaller mass to be moved, dispensing speeds are achieved that 
are suitable for dispensing volumes down to 0.5 ul from the air (e.g. the 
15 Liliput Dispenser from Fluilogic Systems Oy, Luoteisrinne 4, 02270 
Espoo, Finland). A disadvantage is, however, that the metal bellows 
cannot be calibrated for example like a diluter. 

The most frequently-used engineering principal for constructing three- 
20 dimensionally arranged multichannel pipettors comprises a plate to 
which or in which the 96 or 384 pistons or plungers are attached. This 
plate is moved, with the pistons for aspirating and/or dispensing, up 
and down by one or more motors. 

25 The general disadvantage of all these systems (with the exception of 
the metal bellows) is that volumes in the sub-microliter range can only 
be dispensed "on tip touch" or "on liquid surface", but not without con- 
tact, directly from the air. A multichannel system according to the pre- 
sent invention, in contrast, allows the pipettable volume to be reduced 

30 down to the nanoliter range. 



Fig. 2 shows a vertical section through a system provided by this inven- 
tion for aspirating and dispensing liquid samples having an array of 
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pumps 2 and tips 8 arranged in parallel to one another. The example 
shown symbolizes an array of 12 x 8, i.e. 96, pumps 2 and tips 8. This 
array corresponds to the format and layout of a microplate with 96 
wells. Each component of this system comprises a device 1 for aspirat- 
5 ing and dispensing liquid samples having a pump 2, which comprises a 
cylindrical chamber 3, a piston 4 movable in this cylinder, and a piston 
drive 5 engaging on the piston, having a pulse generator 6, that effects 
sample dispensing from a liquid by generating pressure waves in this 
liquid, and having a tip 8 connected via a line 7 with the cylindrical 

10 chamber 3, with the piston drive 5 comprising a first drive 9 and a sec- 
ond drive 10 implemented as a pulse generator 6. Each cylindrical 
chamber 3 preferably contains 5 to 200 ul, with the exact range de- 
pending on the layout, which can be adjusted depending on use. These 
devices are characterized in that they comprise a channel 27 for flush- 

15 ing or rinsing the cylindrical chamber 3, with the channel 27 discharging 
into the cylindrical chamber 3. One such drive 9, 10 can be provided 
per pipetting channel, but individual parts of the drive 9, 10 can be 
simplified or combined in subassemblies. 

20 The entire matrix of the 96 pistons 4 is moved by three spindles 11. In 
this case, these three spindles act on the first plate 12 and, via the 
three piezoelectric stacks 14, on the second plate 13, which in turn acts 
on the pistons 4 in the cylinders. The spindles 11 are each driven by 
one precision motor 17, so that a first drive 9 comprises three simulta- 

25 neously rotating spindles 11, which act on a joint first plate 12. The 
first drive 9 serves for moving the pistons 4 during aspiration of liquids 
and for supplying liquid in the tips 8 during and/or after the dispensing 
of liquid samples from the tips. 

30 The second drive 10 comprises, in this case, three pulse generators 6, 
each having a preloaded stack of piezoelectric elements 14, which con- 
nect the first plate 12 with the second plate 13. The two plates 12, 13 
are preferably permanently connected with one another via the piezo- 
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electric stacks in such a way that they can be moved toward and away 
from one another without oscillation by these piezoelectric actuators. 
An actuation of the piezoelectric stacks moves the second plate 13, and 
thus also the pistons 4, preferably by up to 20 urn. The second plate 
5 13 simultaneously engages on all 96 pistons 4. For this purpose, the 
second plate 13 has recesses 18 in which the free ends 19 of the pis- 
tons 4 engage and/or in which these ends 19 are held. The 96 pistons 
4 are components of an array of 96 pumps arranged in parallel to one 
another. The cylinders are implemented as borings 21 in a cylinder 
10 block 3', in each of which one piston 4 is movably arranged. 96 lines 7 
and/or 96 tips 8 are connected to the cylinder chambers 3. 

The endpieces and/or tips 8 can be implemented singly, i.e. individually 
for each channel (as described under Fig. 1) or as tip plates 16, 16' 

15 having a corresponding number of, in this case, 96 tips 8. In Fig. 2, 
four examples (from left to right), of tips 8 are shown, in this case the 
first three are shown as single steel tips 8, the second three as a steel 
tip plate 16, the third three as single disposable tips 8, and the fourth 
three as a disposable tip plate 16'. Preferably, seals (not shown) are 

20 located between each of the tips 8 and their adapters 8' so that a se- 
cure seating of the tips 8 on their respective adapter 8' and/or the im- 
permeability of the line 7 between piston 4 and pipette tip 8 is guaran- 
teed. 

25 In order that air bubbles can be prevented in or removed from the liq- 
uid which fills the cylindrical chambers 3, the lines 7, and the tips 8, a 
channel system 15 is provided for rinsing or flushing the cylindrical 
chambers 3 in the cylinder block 3'. Via a line (not shown), the entire 
channel system 15 and all cylindrical chambers 3 can thus be filled with 

30 liquid from the rear (not through the pipette tips 8) and thus be rinsed 
or flushed. The discharge of this channel system 15 in the region of the 
cylindrical chambers 3 is illustrated in Fig. 3. The cylindrical chambers 
3 are identical in this exemplary embodiment with the inside of sleeves 
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20 which are inserted in borings 21 of the cylinder block 3'. Alterna- 
tively, the borings 21 in the cylinder block 3' can be used directly as 
cylinders (cf. Fig. 2). Alternatively to the channel system 15 having 
single channels 27 shown in Fig. 3, the supply of the pumps 2 can occur 
5 via a simpler channel system 15 (cf. Fig. 2). This extends essentially 
over the entire surface of the plates 12, 13 at approximately the same 
height and represents a simple, coherent cavity. 

If sleeves 20 are used, these have a lateral, particularly continuous 
10 opening 22, which communicates with the channel system 15. In order 
that the individual rotational position of the sleeves 20 does not have 
any influence on the connection by the channel system 15, the channel 
system has an enlargement 23 in the region of each sleeve 20. In this 
case, the cylinder block 3' is preferably produced in two parts. In this 
15 case, circular depressions 26 are located in a first part 24 of the cylin- 
der block 3' and the single channels 27 of the channel system 15 are 
located in a second part 25 of the cylinder block 3'. Depending on the 
material (glass, steel, plastic etc.), which is selected for the parts of the 
cylinder block 3', this can be performed with embedding, milling, etch- 
20 ing, or other suitable methods. An injection molded part 24, 25 made 
of plastic can also have such channels 27. 

Alternatively to this embodiment, depressions 26 and single channels 
27 can also be molded into one part of the cylinder block 3' and the 

25 other part of the cylinder block 3' can be implemented as a plate. Not- 
withstanding the illustration in Fig. 3, the lower end of the sleeves 20 
can be directly implemented as a tip adapter 8'. In addition, actuation, 
i.e. the pressure wave generation, deviating from the use of one or 
more piezoelectric stacks, can be produced, for example, by a pneu- 

30 matic, magnetic, or thermal pulse generator. As another alternative to 
the embodiment shown, the first and/or the second plate (12, 13) can 
have a shape deviating from a rectangle and, for example, have a 
square, hexagonal, octagonal, oval, or even round shape. 
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A pulse is output from the pulse generator 6 implemented as a piezo- 
electric stack 14 onto the second plate 13. This plate 13 relays the im- 
pact to the individual pistons 4, which perform a correspondingly short 
5 and targeted movement in their cylindrical chambers 3. This movement 
triggers a pressure wave in the liquid in each cylindrical chamber 3 si- 
multaneously. The position of the pistons 4 within the cylindrical cham- 
ber 3 is preferably selected for this triggering of pressure waves (devi- 
ating from the illustration in Fig. 3) in such a way that the free piston 

10 ends 19 come to rest between the openings 22 and the line 7. In this 
way, the openings 22 are sealed by the pistons 4 and the pressure 
waves can expand in the liquid only to the pipette tips 8, as desired. 
The openings 22 preferably have as large an area as possible and the 
single channels 27 have a large inner diameter, in order that the wash 

15 or flush liquid experiences the least possible flow resistance. 

Deviating from these illustrations in Figs. 2 and 3, for example, 4 or 8 
and/or even 16 or more pumps 2 and tips 8 can be arranged in a linear 
array which is made up of one single row. Preferably, however, 96, 

20 384, or more pumps 2 and tips 8 are arranged in parallel in a two- 
dimensional array in such a way that this array corresponds to the for- 
mat and the layout of a microplate with 96, 384, 864, 1536, or more 
wells. Such an array of pumps 2 and tips 8, each arranged parallel to 
one another, allows the simultaneous aspiration or dispensing of 96, 

25 384, or more samples, which allows the time for processing of a corre- 
sponding high-density microplate to be significantly reduced. 

Fig. 4 shows, in a horizontal projection, a layout of the piston drive 5 
according to a first embodiment. Three spindles 11 and three pulse 
30 generators 6 are each positioned at the same distance from the center 
of the cylinder block 3' and/or the two plates 12, 13, with this same 
distance also lying between them and the nearest pulse generator 6 
and/or spindle 11. A trigonal symmetry whose center 28 lies in the 
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center of the cylinder block 3' and/or the two plates 12, 13 results from 
this. This symmetry allows uniform distribution of the forces in the 
plates 12, 13 and thus uniform displacement of the plates with the first 
drive 9 and the second drive 10. In this case as well, the liquid is fed 
5 into the tip with the first drive, so that before each pulse by the second 
drive, a coherent liquid column fills up the active space of cylindrical 
space 3, line 7, and tip 8. The layout described has the advantage that 
the levels of the plates 12, 13 are never redundant and that only three 
piezoelectric stacks are sufficient to dispense 96 or even 384 or more 
10 samples simultaneously. 

Fig. 5 shows a horizontal projection of a layout of the piston drive ac- 
cording to a second embodiment. In contrast to Fig. 4, in this case the 
spindles 11 and the pulse generators 6 are not located on a common 

15 graduated circle (indicated with dashed lines). However, the spindles 
11 and/or the pulse generators & each define a triangle, whose center 
of gravity always corresponds with the center of symmetry 28, in both 
Fig. 4 and in Fig. 5. The symmetry achieved in this way allows uniform 
distribution of the forces in the plates 12, 13 and therefore uniform dis- 

20 placement of these plates with the first drive 9 and the second drive 10. 
Further arrangements that correspond to this symmetry principle are 
included in the extent of this invention. 

In practice, a further variant of an arrangement of the pulse generators 
25 6 has proven itself in which the piezoelectric stacks 14 are positioned in 
the corners of an equilateral triangle and the base of this triangle runs 
essentially parallel to a longitudinal edge of the plates 12, 13 and 
measures approximately 1/3 of its length. The center of gravity of this 
triangle again lies in the center of symmetry 28 of the plates 12, 13. 

30 

For pipetting from, for example, a 96 well microplate, if disposable tips 
are used, first these are picked up. The plates 12, 13 are pulled back 
with the first drive 9 far enough that the ends 19 of the pistons 4 come 
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to rest behind the openings 22 in the sleeves 20. The channels 27, the 
cylindrical chambers 3, the lines 7 , and/or the tips 8 and tip adapters 8' 
are then rinsed or flushed and/or filled with system liquid (e.g. with de- 
ionized or distilled water). Subsequently, the pistons 4 are moved in 
5 the direction of the tips 8 in order to prepare the pumps 2 to aspirate 
liquid via the tips. If the pistons 4 are moved to their forwardmost po- 
sition in this case, a maximum aspiration capacity is made available. 
After the array having 96 pumps 2 and tips 8 is moved over the liquid 
to be aspirated, the tips are dipped somewhat into the liquid. By pulling 
10 back the pistons 4 with the first drive 9, with the path being determined 
by the rotation of the spindles 11, the aspiration of the liquid to be pi- 
petted occurs, and does so simultaneously in all tips 8. 

For dispensing, the pistons 4 are moved toward the tips 8. In order for 
15 the liquid to break away cleanly from the tips 8 and therefore to pro- 
duce exact volumes, a specific minimum speed and abrupt stopping of 
the pistons 4 at the end of dispensing is necessary. For volumes to be 
dispensed that are in the microliter range, the first drive 9 is typically 
sufficient for precise sample dispensing. In the sub-microliter range, in 
20 contrast, acceleration and abrupt stopping of the spindle drive is no 
longer sufficient to ensure that the liquid to be dispensed breaks away 
cleanly. For this reason, the pistons 4 are additionally moved with the 
second drive 10 by piezoelectric actuation. 

25 This actuation occurs through appropriate electrical rectangular pulses 
output with a frequency of 1 to 1000 Hz at the piezoelectric stacks 14, 
which are performed simultaneously with the movement of the piston 
matrix and, together with this movement, determine the volume of the 
samples to be dispensed. These movements of the two drives 9, 10 are 

30 preferably synchronized in such a way that the first pulse occurs with 
the beginning of the travel of the pistons 4 and the last pulse with the 
end of this travel. Due to this synchronization, the piezoelectric actua- 
tion ensures that the droplets break away cleanly, even if the piston 
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matrix moves slowly. This is made possible, as described, by transmis- 
sion of the pulses triggered by the pulse generator 6 and transferred 
with the second plate 13 onto the pistons 4 and thus onto the liquid in 
the cylindrical chambers 3. 

5 

For dispensing in the range of a few nl, the single droplet volume can 
also be determined solely by the strength of the piezoelectric actuation. 
The total volume dispensed is thus a product of the number of droplets 
and their content. The single droplet size is determined in this type of 
10 dispensing primarily by the strength of actuation and by the diameter of 
the opening of the pipette tip 8. These two parameters are then also 
preferably adjusted to the quantity and the physicochemical properties 
of the liquid to be pipetted. 

15 Four operating modes result from the aforementioned: 

A Large volumes 

The dispensing of volumes of more than one microliter is per- 
formed by advancing the pistons 4 and is determined solely by 
20 the first drive 9, implemented as a spindle drive. 

B Medium volumes 

The dispensing of droplets between 0.5 and 1 pi is performed by 
advancing the pistons 4 and is determined by the first drive 9, 
25 implemented as a spindle drive. The additional piezoelectric ac- 

tuation allows the droplets to break away cleanly. Furthermore, 
the following variants are possible: 



30 



Bl After the piston 4 is advanced, the piezoelectric stack is 
actuated once in order to ensure clean droplet breakaway 
from the air. 
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B2 Before the piston 4 is displaced, the piezoelectric stack is 
actuated once in order to generate a defined breakaway 
edge in the tip. The volume is defined by the advance of 
the piston 4 and the piezoelectric actuation allows droplet 
5 breakaway at the same position. 

B3 The piezoelectric actuator is activated during the entire 
advance of the piston 4 and the liquid stream is "chopped" 
into single droplets. The volume is defined by the ad- 



C Small volumes 

The dispensing of droplets of less than 0.5 pi is performed by the 
second drive 10, implemented as a piezoelectric actuator. The 

15 advancing of the pistons 4 with the first drive 9, implemented as 

a spindle drive, serves for compensating for the volumes dis- 
pensed. Ideally, the compensation occurs in such a way that the 
space defined by cylindrical chamber 3, piston 4, line 7, and tip 8 
is completely filled with a coherent liquid column at least before 

20 the next pulse output. Therefore, when the system according to 

the invention is used, the volume of a liquid sample dispensed is 
defined, for a given tip geometry, solely by the parameters of 
one single pulse generated by the pulse generator 6. 

25 D Very small volumes 

If the liquid column is pulled back slightly from the tip opening, it 
becomes possible to eject single droplets of up to 10 nl out of a 
tip opening of up to 500 urn in diameter with single pulses of the 
piezoelectric actuator. The dropiet volume is therefore only de- 

30 pendent on the pulse strength, but not on the diameter of the 

opening. 
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AM of the pipetting modes described above can be used either with or 
without an air bubble ("separation air gap") for separating samples and 
system liquid. Also, both fixed tips and disposable plastic tips can be 
used. 

5 

Without the separation air gap, pipetting can be performed somewhat 
more precisely than with an air gap, but the sample is somewhat di- 
luted by the system liquid, which causes somewhat more sample mate- 
rial to be aspirated than is dispensed. The slightly diluted residue is 
10 discarded. 

A great advantage of the devices and systems according to the inven- 
tion is that, with one single device, large, medium, and small sample 
volumes can be dispensed with high precision and with practically any 
15 desired number of channels (single pipettes up to arrays with 384 and 
more pipettes). 

The diameter of the opening of the pipette tip 8 is, depending on the 
volume range desired of the samples to be dispensed, 25 um to 500 
20 um. The inner diameter of the pipette tips and/or the needles tapers 
from approximately 0.5 mm to 1 mm toward the outlet of the tip 8. 
The faces of the tips 8 are to be as small as possible within the frame- 
work of production capabilities. 

25 The devices 1 and systems according to the invention preferably com- 
prise a computer — e.g. integrated or also provided — for synchronizing 
the two drives 9, 10 and/or for controlling the aspiration and dispensing 
of liquid samples. 
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